Background: Obesity causes substantial morbidity and mortality in the United States. Evidence shows that primary care physician (PCP) supply correlates positively with improved health, but its association with obesity in the United States as not been adequately characterized. Our purpose was to characterize the association between PCP supply in US counties and adult obesity.
The severity of the obesity epidemic is undeniable. To date, there have been few effective treatments for weight loss once patients become obese. However, patients who received weight-loss advice from their physician were more likely to eat fewer calories and to exercise than those who did not. 10 Several recent studies support the effectiveness of a primary care-based model for treatment of obesity. 11, 12 While it is effective, physicians do not practice weight-loss counseling with appropriate regularity, content, or frequency. 10, [13] [14] [15] [16] Although the content and frequency of weight-loss counseling by physicians is not yet optimal based on the existing evidence, obese people who come in contact with the health care system are more likely to receive weight-loss counseling than those who do not have adequate access to care.
The impact of access to primary care on the health of individuals and communities remains understudied. However, previous studies support the favorable impact primary care physicians have on obesity. An analysis of the 2002 Behavioral Risk factor Surveillance System (BRFSS) by Mainous et al 17 found that obese patients with a usual source of care were more likely to be attempting weight loss than those without a usual provider. Primary care physicians (PCPs) are more likely to practice prevention-related counseling than specialists. 18 Thus patients who have a primary care physician as their usual source of care are more likely to receive counseling regarding weight loss and maintaining a healthy weight, and to attempt weight loss. In landmark studies by Shi et al 19 and Starfield et al, 20 US states with more primary care physicians had lower mortality rates and higher birth weights. 19, 20 A compelling ecologic study in Great Britain by Morris and Gravelle 21 noted that a 10% increase in the supply of general practitioners was associated with a 4% decrease in body mass index (BMI).
In light of the impact of obesity on public health and the established association between access to primary care and improved health outcomes, including decreased prevalence of obesity in Great Britain, we examined the association between county-level PCP supply and individual obesity in the United States. Our multivariate logistic regression model controlled for both individual and contextual characteristics associated with obesity status. We hypothesized that the positive ecologic effects of a robust PCP supply would be associated with lower obesity prevalence at the county level.
Methods

Data Sources
The BRFSS is a yearly telephone survey of noninstitutionalized civilian adults aged Ն18 years administered by the Centers for Disease Control and Prevention and conducted via state health departments. The BRFSS gathers information on access to health care, preventive care, chronic disease, and health risk behaviors. The survey has been conducted annually since 1984 and collects data from all 50 states, the District of Columbia, Guam, the US Virgin Islands, and Puerto Rico. The survey is conducted via computer-assisted telephone interviewing during every calendar month; calls are made on all days of the week in the day and evening. The 2012 BRFSS survey included cell phone calls in addition to landline calls. Our sample was drawn from the 2012 BRFSS data; the total sample size was 392,535 individuals from 2507 separate US counties, representing about 80% of all counties in the United States. The BRFSS has a complex multistage sample design that uses poststratification, cluster sampling, and oversampling. 22 Data from the 2012 American Medical Association Physician Masterfile and the 2010 US Census were used to compute ratios of population to PCPs for each of the 2507 counties; we divided these ratios into quintiles, from lowest to highest primary care access, for ease of display. 23, 24 We defined PCPs as physicians who designated that they provide direct patient care in the specialties of family medicine, general internal medicine, and general practice. Physicians who did not designate themselves in one of these categories were excluded.
Our adjusted multivariate logistic regression model controlled for individual characteristics including age, sex, race, education, ethnicity, income, insurance coverage, smoking status, marital status, and parental status. We also controlled for county-level variables including rurality, percentage of black residents, and percentage living in poverty.
All variables were selected based on previously established associations to minimize the probability of observing a spurious association between the number of PCPs in a county and obesity rates. Hispanic ethnicity and black race are associated with higher rates of obesity, although these disparities are attenuated in subgroups with high educational attainment. 25 Obesity rates overall increase with age, and women are more likely to be obese than men.
2 Individuals with higher educational attainment and higher income also have lower rates of obesity. 26, 27 Insured people are more likely to have access to primary care. 28 Married individuals, especially men, tend to be more obese than those who are unmarried, and smokers tend to be less obese than nonsmokers. 29, 30 Prior studies have shown that obese patients with a usual source of care were more likely to be attempting weight loss. 17 We also controlled for contextual variables obtained from the area resource file, including "percentage black," defined as the proportion of a county population that was black, and "percentage poverty," defined as the proportion of the county population living below the poverty level. 31 We accounted for county-wide poverty based on evidence that shows that individuals who move out of a neighborhood with a high level of poverty to a neighborhood with a low level of poverty have a reduced BMI. 32 We controlled for metropolitan status of the county using the 2003 rural-urban continuum codes developed by the US Department of Agriculture, because rural populations have poorer access to care than urban populations. 33 These codes are updated every 10 years. The distribution of the individual and contextual variables across quintiles of primary care access is shown in Table 1 .
The main outcome of this research is the odds of an individual living in a county being obese, defined as a BMI Ն30 kg/m 2 . 34 BMI was calculated from self-reported height and weight via the BRFSS. The use of self-reported height and weight in epidemiologic studies has been validated, although it has known limitations. 35 The clinical outcome measure can be stated as the number of obese individuals in each quintile in relation to the total number of individuals in each quintile. All analyses were done using the survey commands in Stata 13.1. Stata uses linearizationbased variance estimators that are appropriate for the design variables provided with the BRFSS data. To assess the fit of the model, we conducted an adjusted Wald test. We initially ran an unadjusted model based on 2006 BRFSS data, which revealed a strong association between high primary care access and low obesity rates. 36 Because of the large sample size, all the initially selected variables were significant in the unadjusted model and were used in the adjusted model. The association between access to primary care and decreased obesity rates was attenuated but persisted when we adjusted for the individual and county-level variables. This was a secondary analysis of de-identified data and thus did not require institutional review board human subject approval.
Results
Our analysis revealed an association between robust PCP supply and decreased obesity rates in US counties. As shown in the first row of data in Table  1 , 25.8% of adults were obese in counties with the most PCPs (quintile 1), which ranges from 339 to 1232 people per PCP, compared with 30.8% of adults in counties with the fewest PCPs (quintile 5), which have more than 2126 people per PCP. Figure 1 displays odds ratios (ORs) from the adjusted multivariate logistic regression model predicting the likelihood of an individual in a quintile to have obesity; these ORs represent the results from the adjusted model, which controlled for both individual and contextual characteristics ( Table 2) . We found that the likelihood of an adult being obese increased from counties with the most access to primary care to the counties with the least access to primary care. The likelihood of an adult being obese was about 20% greater in counties with the fewest PCPs when compared with counties with the most PCPs.
Some of the distributions of the individual and county-level characteristics across the quintiles were notable and consistent with previous findings (Table 1) . For example, the quintile with the poorest access to PCPs also had the lowest educational attainment, the highest prevalence of poverty, and the lowest average income. By contrast, the quintile with the most PCPs had the highest number of insured people. It is well established that communities with poor access to health care are often disadvantaged when it comes to other social determinants of health, such as education and income. 27 However, while these disparities are observed in the highest and lowest quintiles, they do not have a linear relationship with obesity rates. Insurance status is not a significant variable in our model, with a confidence interval that includes 1. Our results reaffirm known disparities regarding obesity, noting the adjusted OR of 1.61 for black individuals relative to whites, as well as an adjusted OR of 0.67 for those with a college education relative to high school graduates. Notably, percentage of the pop-ulation that is black at the county level is not a significant contextual variable, and the distribution of the black population is not markedly disparate across the quintiles (Table 2) .
Discussion
In this nationally representative sample, individuals living in counties with the most robust PCP supply were 20% less likely to be obese than those living in counties with the least supply of PCPs in a model that controlled for both individual and county-level characteristics. The positive ecologic association between county-level PCP supply and obesity presented here is one of many examples of the beneficial ecologic effects of primary care. However, it is important to note that obesity is a complex disease rooted in genetics, individual characteristics, behavior, the socioeconomic milieu, and the environment, 37 and any solutions to the obesity epidemic will be equally complex. Enhancing primary care access may be one part of a complex solution to the obesity epidemic.
The association reported here does not imply causality, but it has characteristics that point favorably to consideration of a causal relationship. The linear nature of the association between increased PCP supply and decreased obesity rates represents a dose-response effect, which supports an observed association as possible evidence of a causal relationship. 38 In addition, our results replicate the findings by Morris and Gravelle 21 that show decreased obesity with increased general practitioner supply in the United Kingdom. Our study builds on these findings, but adds novel aspects. This study was done using the US population on the county level in a health care system that is markedly different from that of Great Britain. It is innovative for a national ecologic study of the benefits of primary care access to be conducted at the county level. Using smaller units of geographic analysis, such as counties, in a national study produces a higher level of local variability within the sample and lends itself to more subtle interpretation of spatial effects. 39 Previous national studies that have characterized the beneficial effects of the PCP supply have focused on the state level; our study adds to previous studies done at the state level and shows a beneficial relationship between PCP supply at the county level and obesity status.
We wonder what unmeasured characteristics of counties with high levels of primary care access might account for the observation of salutary effects of access to primary care observed in this and other studies. 19 -21 We cannot fully account for the possibility of measuring an endogenous effect. In other words, we cannot account for unmeasured environmental factors that contribute to both decreased obesity rates and the attraction of more PCPs to practice in these counties. For example, physicians may prefer to live and practice in areas that do not have characteristics associated with obesogenic environments, such as low socioeconomic status and limited access to healthy food and public green space. We did account for countylevel income and percentage poverty in our model in an attempt to minimize the measurement of such an effect, but there may be unmeasured variables for which we have not accounted. Notably, the study of general practitioner supply and obesity rates in Great Britain by Morris and Gravelle 21 accounted for such endogenicity, defined as the probability that the distribution of the PCP supply is dependent on an unobserved factor that also affects BMI; that study found a persistent association with increased general practitioner supply and decreased obesity.
These results also bring into question the explanation that accounts for the mechanism of the observed association between robust PCP supply and decreased obesity. While PCPs are more likely to engage in weight reduction counseling with patients, the effectiveness of these interventions has been shown to be limited. This begs the question, is the effect of primary care supply on population health in small or large areas simply the sum of individual doctor-patient encounters, as a reductionist theoretical framework might suggest, or is it a more complex relationship that goes beyond the individual doctor-patient encounter? Perhaps PCPs also favorably impact the social 40 and physical environment of the communities where they practice and also improve systems of care. PCPs may improve obesity rates by contributing to the health of their communities in a myriad of ways. PCPs not only improve access to health care and increase patients' exposure to behavior change counseling techniques such as motivational interviewing, as well as other obesity-reducing interventions such as weight-change counseling, medication, or referral for bariatric surgery; they also affect the health of the communities where they practice by advocating for environmental safety, insurance coverage for the uninsured, development of green space, and improved access to healthy food for their communities. In these ways the impact of PCPs occurs not only at the bedside, one patient at a time, but is felt at the health system and community level as well. A study by Gruen et al 41 showed that Ͼ90% of PCPs value community participation and collective advocacy; Ͼ80% of physicians rated advocacy for obesity and better nutrition as very important. Family medicine was the specialty most likely to be civically active. 41 Our findings are important in light of national trends in PCP supply. A report by the Association of American Medical Colleges projecting future physician supply and demand in the United States estimated a shortage of 65,800 PCPs by the year 2025. 42 Currently, graduate medical education funding dedicated to ensuring the adequacy of the PCP pipeline has been projected to be inadequate to meet these needs. 43, 44 Our study adds to evidence that supports the development and maintenance of a robust PCP supply that reflects the distribution of the US population.
If further work in this area demonstrates a causal relationship between PCP supply and obesity, our findings would support that improving access to PCPs might improve health disparities related to obesity. This may occur because PCPs engage with the communities where they practice to support strategies for health promotion and disease prevention, promote a healthy ecological environment, and treat individual patients and families with weight-change counseling and other treatments for obesity. Our findings support 2 well-known axioms critically related to health: where we live affects our health, and access to primary care improves health outcomes and reduces cost. 19, 20, [45] [46] [47] Limitations Our study has several limitations. First, while there is an association between improved primary care access and decreased obesity rates, this association does not imply causality. Second, although there is evidence that self-reported height and weight are acceptable measures in the context of ecologic studies, our BMI data would be more accurate if we had access to actual height and weight. It has been shown that height is overreported in general, and men tend to overreport weight whereas women underreport weight. 35 The likelihood of underestimating BMI increases with age. 48 -50 However, the national data set that reports actual height and weight, the National Health and Nutrition Examination Survey, does not capture enough of the population per US county to perform a meaningful analysis at this level of geography. In addition, we cannot fully account for the fact that these results may be representative of a spurious effect between primary care access and obesity; another study addressed this issue and found that the association persisted when accounting for characteristics that affected physician supply, but these characteristics were not correlated with obesity. 21 
Conclusion
Our findings of a substantial association between residence in a county with the highest PCP supply and a 20% decreased risk of individual obesity when compared with individuals residing in counties with the lowest PCP supply adds to evidence supporting the salutary ecologic effects of primary care. In this instance the association relates to a public health epidemic that is a leading cause of preventable early mortality in the United States. In the context of the Affordable Care Act, the projected shortage of PCPs in the United States, and the evolution of the patient-centered medical home that is underway in communities across the country, our findings warrant further studies to discern the mechanisms of action responsible for this ecologic association.
